Potassium-argon method on muscovite and biotite and chemical U-Th-Pb method on monazite have been used to date various tectonic and thermal processes affecting the Silesian orogenic wedge at the eastern Variscan front (NE Bohemian Massif). This wedge is composed of three structural units showing an increasing Barrovian metamorphic gradient from the east to the west and LP-HT reworking related to voluminous granite intrusion of the Žulová Pluton in the central part. Three groups of ages are reported: 1) Mississippian (340-320 Ma) K-Ar muscovite ages from the western kyanite zone and easternmost biotite-chlorite zone, ~320 Ma U-Th-Pb ages of monazite inclusions in syn-burial S 1 fabric preserved in garnets of the kyanite zone, 2) Pennsylvanian-Early Permian (~310-290 Ma) K-Ar ages on muscovite and biotite and matrix monazite from the sillimanite and staurolite zones of the central part of the wedge, 3) Early to Mid-Permian K-Ar muscovite and biotite and U-Th-Pb matrix monazite ages (~280-260 Ma) from the southern part of the area, adjacent to the Sudetic fault system. The sequence of obtained ages is interpreted as reflecting the Mississippian formation of the Silesian orogenic wedge that was followed by crustal-scale detachment related to Pennsylvanian-Early Permian intrusion of a voluminous Žulová Pluton accompanied by important fluid flow. Finally, the southern part of the studied domain was probably reworked by Permian fault system associated with renewed fluid activity.
proposed a model of Early Carboniferous continental underthrusting of the Brunia basement underneath the Orlica-Śnieżnik Dome (OSD). They suggested that the continental underthrusting of the three crustal boudins was responsible for the formation of the Silesian orogenic wedge and Barrovian metamorphic zonation (Košuličová and Štípská 2007) by analogy to similar metamorphic pattern described in southerly Svratka and Thaya tectonic windows (Štípská and Schulmann 1995; Štípská et al. 2000; Ulrich et al. 2002) . The time scales of this underthrusting have been estimated using the formation age of the deep Culm foreland basin in the east and the age of burial and Early Carboniferous exhumation/cooling of orogenic lower crust in the adjacent high-grade rocks of the OSD. Here, the prograde metamorphic history of the OSD and the Staré Město Belt may have extended to Late Devonian (Gordon et al. 2005; Bröcker et al. 2009 Bröcker et al. , 2010 Jastrzębski et al. 2013) . The timing of exhumation of the OSD has been recently estimated at 342-335 Ma using 40 Ar- 39 Ar method (Schneider et al. 2006; Chopin et al. 2012 ) and at 340-330 Ma using U-Th-Pb on monazite (Gordon
Introduction
The cooling histories of metamorphic terrains provide important information about the exhumation processes and their timing. They can be constrained by using various thermochronological techniques and their combinations, for example by the K-Ar or 40 Ar- 39 Ar dating on micas (e.g. McDougall and Harrison 1988) and chemical U-Th-Pb dating on monazite (CHIME; e.g. Montel et al. 1996) . While the first method allows determining timing of cooling through closure temperatures of c. 300-450 °C, the second one reveals time of monazite (re)crystallization (e.g. Crowley and Ghent 1999; Cherniak et al. 2004; Gardés et al. 2007; Williams et al. 2011; Kelly et al. 2012 and references therein). Therefore, monazites armoured in garnet or other prograde porphyroblasts may provide age constraints on the prograde part of the metamorphic history (Bell and Welch 2002) , while grains of the same mineral in the matrix may be a product of decompression reactions (Gibson et al. 2004) or fluid circulation (SeydouxGuillaume et al. 2002 (SeydouxGuillaume et al. ). et al. 2005 Kusiak et al. 2008) , which contrasts with younger 310-300 Ma 40 Ar- 39 Ar ages of Maluski et al. (1995) reported from the Silesian Domain. Therefore, the main problem addressed in this work is the significance of highly controversial ages from the Silesian Domain that appear to be younger than those of the adjacent OSD rocks and also of the southerly Svratka and Thaya domes of the Moravian Zone (335-325 Ma, Dallmeyer et al. 1992; Fritz et al. 1996) .
In order to fill the gap, U-Th-Pb in situ electronmicroprobe dating on monazite (Montel et al. 1996) and K-Ar dating on biotite and muscovite (e.g. McDougall and Harrison 1988) were applied to study the timing of metamorphism and cooling of the Silesian orogenic wedge at the eastern margin of the Bohemian Massif. These data are used to discuss the tectonic significance of the difference in the cooling ages from the OrlicaŚnieżnik Dome and the Silesian orogenic wedge.
Geological setting and previous geochronology

Geology of the eastern margin of the Bohemian massif
A 300 km long Variscan front ( Fig. 1) , marked by the boundary between the internal and external orogenic domains, forms the eastern margin of the Bohemian Massif. The internal domain characterized by the presence of high-grade metamorphic rocks is interpreted as an exhumed orogenic root of the Variscan belt, called the Moldanubian Domain in the south, and the Lugian Domain in the north (Suess 1926) . The latter is represented by high-grade rocks of the Orlica-Śnieżnik Dome. To the east occurs the external Brunia microcontinent (Dudek 1980) that was underthrust below the Moldanubian gneisses and migmatites in Carboniferous times (Schulmann et al. 1994 , Schulmann et al. 2008 . Its western metamorphosed and imbricated part, the Moravo-Silesian Zone, emerges in the form of three tectonic windows, the Thaya and Svratka windows forming the Moravian branch of the zone in the south, and the Silesian Domain in the north (Suess 1912). The major thrust separating the internal and external domains in the south is known as the Moldanubian thrust. The exact position of Brunovistulian boundary in the north is a matter of discussion because of differently interpreted significance of the Silesian Domain boundary (e.g. Jastrzębski 2012). The eastern margin of the OSD is rather well defined, though (e.g. Don et al. 2003) .
The southerly Moldanubian Domain and Moravian Zone are separated from the northerly OSD and Silesian Domain by the dextral Elbe Fault Zone (Fig. 1 ). This lithospheric-scale transcurrent fault zone belongs to dextral fault system dissecting the whole Variscan Europe during the Late Carboniferous and Permian (the Bray, the Pfahl-Danube and the Sudetic fault systems; Edel et al. 2003 Edel et al. , 2013 . This fault system strongly affected the Silesian Domain and the southern and northern margins of the OSD. The second conjugate fault system reactivated the Moldanubian-Moravian boundary and is represented by N-S trending sinistral faults like the Diendorf Fault Zone in Austria (Hejl et al. 2003) . Related was formation of Permian basins such as the Boskovice Furrow in the south or Krkonoše Piedmont Basin in the west (Martínek and Štolfová 2009).
The Silesian Domain
The present geology of the Silesian Domain is interpreted as a result of three major tectonic events. The Devonian rifting was a reason for the formation of three crustalscale boudins (the Desná Dome, the Keprník Nappe and the Velké Vrbno Unit) that formed on a Neoproterozoic basement, and for the development of sedimentary basins between them (Chlupáč 1989 (Chlupáč , 1994 . Schulmann and Gayer (2000) proposed that an Early Carboniferous oblique compression caused the successive underthrusting of the crustal boudins to the west, resulting in the formation of an orogenic wedge with westward increasing grade of Barrovian-type metamorphism (Souček 1978; Baratoux et al. 2005; Košuličová and Štípská 2007) . A Late Carboniferous event was marked by the extrusion and exhumation of the wedge in a transpressional regime (Schulmann and Gayer 2000) . Subsequent intrusion of the Žulová Pluton (Fig. 2) was associated with the local extension and HT-LP metamorphism at the western part of the Silesian Domain (Cháb and Žáček 1994) .
lithology and protolith ages
The core of the Desná Dome (Fig. 2) consists of orthogneisses, high-grade schists and amphibolite bodies of Neoproterozoic protolith ages (570-650 Ma, Kröner et al. 2000) . The Devonian cover is composed of quartzite, metaconglomerate, metapelite and marble of Pragian to Tournaisian ages (Chlupáč 1989) , and was intruded by Givetian volcanic rocks (Souček 1981; Patočka 1987 ) of arc and back-arc affinity . On the eastern side of the Desná Dome occurs a Culm sedimentary basin filled by Tournaisian to lowermost Pennsylvanian turbidite sequence (Hartley and Otava 2001) . The Keprník Nappe (Fig. 2) is mainly formed by a Neoproterozoic orthogneiss (546-613 Ma, van Breemen et al. 1982; Kröner et al. 2000) and staurolite-sillimanite-bearing metapelites, calc-silicate intercalations, marble and quartzite. The hanging-wall Branná Group of presumably Devonian age is formed by low-grade metapelite, quartzite, porphyroid and marble. The westerly Velké Vrbno Unit (Fig. 2) consists of a Neoproterozoic tonalitic orthogneiss (Kröner et al. 2000) , and a volcanosedimentary sequence composed of marble, graphitic schist, staurolite-kyanite-bearing micaschists and metavolcanic intercalations. The northwestern part of the Silesian Domain was intruded by the Žulová granite Pluton, of which cooling is dated by the 40 Ar- 39 Ar method on amphibole and biotite at 292 ± 3 and 290 ± 3 Ma, respectively (Maluski et al. 1995) . These are undistinguishable from the emplacement ages recently determined as 291 ± 5 Ma and 292 ± 4 Ma (LA ICP-MS U-Pb dating on zircon: Laurent et al. this volume).
Variscan deformation and metamorphism
The oldest recognized structure is a pre-Variscan metamorphic fabric found only in the Desná Dome. The early Variscan foliation S 1 is preserved as inclusion trails within garnet and staurolite and commonly also as the main matrix foliation, indicating that it was connected with the burial event (Štípská et al. 2006; Košuličová and Štípská 2007) . The second deformation phase produced open to close asymmetric folds with subhorizontal NNE-trending hinges, west-dipping axial planes and axial planar crenulation cleavage S 2 . Košuličová and Štípská (2007) argued that this stage started at the end of the burial, but continued during decompression, representing a major exhumation structure. The shallow west-dipping S 3 foliation in the extensional zone at the western border of the Keprník Dome is considered to be coeval with the intrusion of the Žulová Pluton (Cháb and Žáček 1994) . The Silesian Domain is affected by Barrovian type metamorphism, ranging from the chlorite zone in the east to the kyanite zone in the west (Souček 1978; Baratoux et al. 2005; Štípská et al. 2006; Košuličová and Štípská 2007 - Fig. 2) . The Barrovian-type zonality is complicated by presence of eclogite boudins within the kyanite zone of the Velké Vrbno Unit (Žáček 1996; Štípská et al. 2006 ) and contrasting P-T paths of the micaschists that show prograde geothermal gradient of 16 °C/km in the westerly Velké Vrbno Unit and 29 °C/ km in the Keprník N a p p e a n d D e s n á Dome ( Jastrzębski et al. 2010; Mazur et al. 2012) . Within the orthogneisses occur three belts of eclogite and omphacite granulite (Bakun-Czubarow 1998). The Cambro-Ordovician protolith age of the orthogneisses was a subject of several papers (e.g. Kröner et al. 2000 Kröner et al. , 2001 for review), while the controversial protolith ages for eclogites were recently discussed by Bröcker et al. (2010) .
Variscan metamorphism and deformation
The subhorizontal fabric in the Staré Město Belt was associated with HT-MP metamorphism (Kröner et al. 2000; Lexa et al. 2005; Jastrzębski et al. 2013) . It was overprinted by west dipping foliation associated with the emplacement of a syntectonic granodiorite sill (Parry et al. 1997; Štípská et al. 2001) . The dominant structure of the OSD is characterized by steep crustal-scale folding, where the synforms are formed by metamorphosed volcanosedimentary unit and cores of antiforms by vertically extruded high-pressure rocks (Don 1964; Štípská et al. 2012) . The Variscan metamorphism and deformation in the area of the Staré Město was dated by Jastrzębski et al. (2013) who reported Late Devonian (CHIME) monazite, Lu-Hf garnet and U-Pb zircon ages. U-Th-Pb monazite dating of 335-315 Ma (Gordon et al. 2005) probably constrains fluid-driven recrystallization of monazite on retrograde P-T path. Cooling of the belt is dated by 40 Ar- 39 Ar method on amphibole at 340-330 Ma (Maluski et al. 1995) .
Several modern geochronological studies have indicated that the prograde metamorphism in the OSD could have been of latest Devonian age (Klemd and Bröcker 1999; Gordon et al. 2005; Anczkiewicz et al. 2007; Bröcker et al. 2009 Bröcker et al. , 2010 . The amphibolite-facies reequilibration occurred probably during Early Carboniferous as shown by ~340 Ma U-Pb zircon ages (Turniak et al. 2000; Štípská et al. 2004; Lange et al. 2005 ) and U-Th-Pb monazite ages (Gordon et al. 2005) . The cooling of the OSD is well constrained by numerous 40 Ar- 39 Ar ages ranging from 340 to 335 Ma (Borkowska et al. 1990; Steltenpohl et al. 1993; Maluski et al. 1995; Marheine et al. 2002; Lange et al. 2002; Białek and Werner 2004; Schneider et al. 2006; Chopin et al. 2012) . Nevertheless, there are some 40 Ar- 39 Ar ages on muscovite and biotite and U-Th-Pb data on monazite of c. 315 Ma (Maluski et al. 1995; Gordon et al. 2005 ).
Analytical methods
Ages were determined using the conventional K-Ar method on muscovite and biotite, and the in situ U-ThPb dating on monazite by electron microprobe.
K-ar dating of muscovite and biotite
The extracted biotite and muscovite were obtained from the l00-160 μm sieve fraction using magnetic separation and, in two cases, by heavy liquids. The purity of micas was usually better than 98 %. In some samples from the chlorite-biotite zone, biotite was strongly retrogressed. Potassium was measured by flame photometry with a lithium internal standard, argon was extracted in a molybdenum crucible heated with a high-frequency current in a glass vacuum apparatus, and the radiogenic Ar was measured by isotope dilution ( 38 Ar as a tracer) using a MS 20 (A.E.I.) mass spectrometer at Institute de Physique de Globe, Strasbourg University. All samples were measured using the static method. The age calculation was done using constants recommended by Steiger and Jaeger (1977) and the 2σ analytical uncertainty was calculated following Cox and Dalrymple (1967) .
u-Th-Pb dating of monazite
Monazites were analysed in polished thin sections prepared for conventional electron microprobe analyses using a Cameca SX100 electron microprobe at "Laboratoire Magmas et Volcans" in Clermont-Ferrand, France. The analytical procedure followed Montel et al. (1996) . Analytical conditions included an accelerating voltage of 15 kV and a beam current of 150 nA (for a detailed review of analytical conditions, counting times, standards used and X-ray lines and background offsets, see Bosse et al. 2009 ).
Individual ages were calculated from the U, Th and Pb concentrations according to the decay equation of Montel et al. (1996) assuming that non-radiogenic lead in monazite is negligible. The 2σ error on an individual measurement was calculated by propagating the uncertainties in U, Th and Pb determinations into the decay equation. The calculated 2σ age errors obtained from individual measurements are large, varying from ± 10 to ± 80 Ma. These 2σ errors on point analyses mainly depend on analytical counting times and on the U, Th and Pb contents in monazite (Montel et al. 1996) . The resulting U-Th-Pb age population consists of the accumulated probability density functions for these individual ages.
The error can be considerably reduced assuming that the age population forms a consistent data set belonging to the same geological event (the same statistical population). Then the weighted average of the set was calculated using the least-squares method, yielding a single representative age with significantly smaller 2σ error. It is usually below 10 My for a set of 10-20 individual measurements. In order to further test the data quality for a given age population, classic isochron Th* vs. Pb diagrams (Suzuki and Adachi 1991) were also used.
Geochronological results
The samples for K-Ar dating on muscovite and biotite and for U-Th-Pb dating on monazite were collected across all the metamorphic zones of the Silesian Domain, in the Keprník Nappe, the Desná Dome and the Velké Vrbno Unit (Fig. 2) .
K-ar dating results
The analytical results are presented geographically in three groups: (1) the Keprník Nappe and the western part of the Desná Dome, (2) the eastern margin of the Desná Dome and (3) the Velké Vrbno Unit (Tab. 1).
The Keprník nappe and the staurolitegarnet zones of the Desná Dome
Three groups of data can be distinguished: (1) a group of ~330 Ma represented only by the muscovite age of sample MM 123 from the staurolite zone in the western part of the Desná Dome; (2) three muscovite and one 
Kyanite zone of the Velké Vrbno unit
Two samples of kyanite micaschists (S523c, S485b) were collected. The biotite and muscovite give ages of 332.0 ± 5.1 and 313.0 ± 4.7 Ma, respectively.
monazite u-Th-Pb (chImE) dating results
In the metapelites of the Silesian Domain, monazite grains reach up to 80-30 µm across. In the matrix, they are commonly arranged parallel with the main mineral fabric (S 2 ) and rarely with the relics of earlier S 1 fabric. In porphyroblasts, they are aligned along the S 1 mineral inclusion trails Fig. 8 and listed in Tab. 4. One of the striking features of monazite analytical results is that the total of analysed elements ranges between 91.13 and 99.75 wt. % (Tab. 2). This may be due to the possible occurrence of volatile chemical components (such as S, As and OH) in monazites, and the lack of K and Zr measurements. The occurrence of volatiles and even some alkaline-earth metals in monazite is commonly the result of late hydrothermal processes (e.g. Poitrasson et al. 1996 Poitrasson et al. , 2000 , which may induce monazite-forming reactions (e.g. Catlos et al. 2002; Seydoux-Guillaume et al. 2002) and perturbations in U-Th-Pb ages (e.g. Cherniak et al. 2004; Gardés et al. 2006) . Generally the ThO 2 contents in monazite vary from < 1 to 30 wt. % although 4-12 wt. % is the most common range (Catlos et al. 2002 and references therein), and UO 2 wt.% is lower than ThO 2 . Our samples have low to moderate contents of ThO 2 (1.3-10.3 %) and UO 2 (0.16-1.47 %) (Fig. 5 , Tab. 2), which brings rather significant errors on the calculated individual ages (Tab. 3). Figure 6 demonstrates that the calculated individual ages do not depend on the Th* (i.e. measured Th plus Th equivalent of measured U) content of monazite. The 2σ errors associated with each single age are inversely correlated with the Th* content of monazite, which is consistent with the calculation algorithm. From these diagrams it appears that monazites included in porphyroblasts are slightly older than monazites located in the micaceous matrix, for both the Velké Vrbno Unit (Fig. 6a ) and the Desná Dome with Keprník Nappe (Fig. 6b) . 
The Desná Dome and Keprník nappe
The Velké Vrbno unit
Monazite inclusions in garnet and staurolite porphyroblasts of the sample S573e define S 1 -S 2 fabrics (Fig. 4c-d) and yield an age of 321 ± 8 Ma, while the matrix monazite of the same sample gives 314 ± 12 Ma. Only eight grains were found in the matrix of the kyanite-staurolite-garnet sample 627a (Fig. 4b) revealing an age of 286 ± 9 Ma. 
Statistical u-Th-Pb monazite dating
Conventional Th* vs. Pb isochron diagrams drawn for monazites located in matrix and included in porphyroblasts, for both the Velké Vrbno Unit (Fig. 7a) and the Desná Dome with Keprník Nappe (Fig. 7b) , highlight that each monazite type belongs to a single population. The isochron line suggests slight age differences between distinct monazite populations. As a consequence, an extensive set of analyses is needed to reduce the uncertainties using a statistical method (Montel et al. 1996) . Statistical monazite U-Th-Pb ages results from the Silesian Domain are summarized in Tab. 4 and probability density functions for the Desná Dome and the Keprník Nappe with the Velké Vrbno Unit are illustrated in Fig. 8 . The diagrams evidence that matrix monazites display younger ages than those enclosed in porphyroblasts. The narrow peaks of average ages and their corresponding errors were obtained statistically, assuming the consistency of the samples (Montel et al. 1996) . In the Velké Vrbno Unit the matrix and inclusion monazites yield 297 ± 7 Ma and 322 ± 8 Ma U-Th-Pb ages, respectively (Fig. 8a) . In the Desná Dome and the Keprník Nappe the matrix and inclusion monazites indicate U-Th-Pb ages of 263 ± 5 and 283 ± 6 Ma, respectively (Fig. 8d) .
Discussion and conclusions
The main goal of this work is to discuss the fact that the K-Ar ages of the Silesian Domain are significantly younger compared to the rest of the eastern margin of the Variscan front. The second important question is the possibility of preservation of older ages in the Velké Vrbno Unit and easternmost lower grade contact between the Silesian Domain and the Culm basin, supposing that the younger ages of the central part of the Silesian Domain may be thermally rejuvenated by the Žulová Pluton. The U-Th-Pb study on monazite from the OSD domain (Gordon et al. 2005 ) gave similar age range (340-330 Ma) as the 40 Ar- 39 Ar method (Schneider et al. 2006) . Therefore, the question arises as whether the monazites preserved as inclusions in prograde mineral porphyroblasts in the Silesian Domain may yield similar Early Carboniferous ages, while the matrix monazites may record exhumation and/or cooling of the whole Silesian Domain. All these questions are addressed by this study and a new model of cooling and tectonic history of this important part of the Variscan front is proposed.
Significance of K-ar and u-Th-Pb ages
Generally accepted values for closure temperature of KAr in biotite and muscovite are c. 300 °C and 350-400 °C, respectively. However, the closure temperature of muscovite is not known exactly (McDougall and Harrison 1988) and for example Villa (1997) suggested that it could be higher, c. 400-450 °C. Geological estimates for the closure temperature of Pb in monazite vary from 530 °C to 750 °C (Köppel et al. 1980; Black et al. 1984; Copeland et al. 1988; Parrish 1990; Suzuki et al. 1994 ).
On a crystal-chemical basis, Dahl (1997) contended that the closure temperature of Pb in monazite is higher than 750 °C and recent measurements of Pb diffusion in monazite led Cherniak et al. (2004) and Gardés et al. (2007) to the conclusion that monazite has a closure temperature greater than 800 °C. According to the theory of cooling ages (Dodson 1979) , the metamorphic terrains should therefore yield older U-Th-Pb monazite ages than K-Ar muscovite and biotite ages. However, the data obtained on matrix monazite and on muscovite and biotite in the three areas of the Silesian Domain reveal the opposite. Monazite grains in the studied Silesian metapelites display alteration features (irregular shapes, rough surfaces and fractures, Fig. 3 ) that could be related to significant fluid-related dissolution processes. Experimental studies (Seydoux-Guillaume et al. 2002) have demonstrated that the U-Th-Pb system in monazite is sensitive to fluid-rock interactions. Accordingly, we propose that this process Th* content (ppm)
Age ( Black squares correspond to analyses of matrix monazites and white squares to monazite grains included in porphyroblasts.
may explain the partial or complete resetting of the UTh-Pb system in monazite. Therefore, the spread of K-Ar muscovite and biotite and U-Th-Pb monazite ages in the Silesian Domain testifies to the importance of overprinting events subsequent to the last Variscan metamorphic episode and will be discussed below.
5.1.1. Significance of K-ar ages from the Silesian Domain Figure 9 shows regional distribution of obtained K-Ar and U-Th-Pb monazite ages as well as existing 40 Ar- 39 Ar ages of Maluski et al. (1995) . Conventional K-Ar muscovite and biotite ages for samples located in the sillimanite and staurolite zones of the central parts of the Keprník Nappe and the Desná Dome fall between 290 and 300 Ma, similarly to a range of 40 Ar- 39 Ar ages of Maluski et al. (1995) . These results are close to cooling ages of 290 ± 3 and 292 ± 3 Ma obtained on biotite and amphibole from the Žulová granite (Maluski et al. 1995) . In contrast, the westerly Velké Vrbno Unit reveals cooling ages in between 315 and 332 Ma similarly to the boundary between the Culm basin and the south-eastern margin of the Desná Dome, where K-Ar ages of 340 and 320 Ma were determined (Fig. 9 ). This regional distribution of K-Ar ages may suggest that the Žulová Pluton played an important role on re-heating and subsequent cooling history of the large part of the Silesian Domain and it is therefore important to estimate the volume and regional extent of this Early Permian intrusion. et al. 1995) and monazite U-Th-Pb ages from the Silesian Domain. The map shows the regional distribution of Visean (West and East), Westphalian (centre of the Silesian Domain) and Permian ages (SE of the Desná Dome). Abbreviations for names of rock-forming minerals delineating metamorphic isograds according to Kretz (1983) .
The gravity surveying places the limit of the Žulová Pluton, characterized by an important gravity low, at the boundary between the Keprník Nappe and the Desná Dome (Zachovalová et al. 2002; Schulmann et al. 2008) . In addition there is a number of small granite dykes and apophyses that cross-cut the gneisses of the western part of the Keprník Nappe and which are attributed to the Žulová Pluton. The existence of an important HT event related to the granite intrusion is also supported by LP-HT metamorphism affecting the whole central and western part of the Keprník Nappe and the western part of the Desná Dome Košuličová and Štípská 2007) . We suggest that the geological, geophysical and geochronological dataset is consistent with an important thermal event that affected the significant part of the Silesian Domain due to emplacement of a large granitic mass at c. 292 Ma (Laurent et al., this volume) . The highest elevation of the pluton is located in the northern part of the studied area, which is also characterized by consistent K-Ar and 40 Ar- 39 Ar cooling ages clustering around 300 Ma, and by the highest intensity of the LP-HT metamorphic overprint.
If we take into consideration the values of biotite and amphibole ages from the Žulová granite, 290 ± 3 and 292 ± 3 Ma, respectively (Maluski et al. 1995) , we infer a fast emplacement and cooling, given the large differences in closure temperatures of the two minerals. In the light of this study, it is likely that the Žulová Pluton represents a voluminous magmatic event at around 292 Ma (Laurent et al., this volume) associated with the extensional collapse and development of the large-scale, west-dipping detachment zone. Consequently, the older K-Ar ages from the Velké Vrbno Unit and from the south-eastern part of the Desná Dome may indicate a limited regional extent of this thermal event, and suggest that Early Carboniferous metamorphic ages are preserved only out of the thermal reach of the Žulová granite. The Late Carboniferous to Early Permian magmatism was also reported by Oberc-Dziedzic et al. (2010 on the example of Strzelin granite further north dated at 300-280 Ma (U-Pb on zircon). These authors show that granite emplacement was controlled by a long-lived ESE-WNW strike-slip fault with a dextral sense of movement. In addition, after the emplacement of the youngest granite, the intrusion underwent brittle deformation associated with broadly N-S directed sinistral displacements.
Permian ages (280-260 Ma) reported from the southwestern part of the Desná Dome cannot be correlated with neither the burial-exhumation history nor the thermal event related to the emplacement of the Žulová Pluton (Fig. 9) . These ages occur in the domain of important activity of the Sudetic fault system, in particular in the area of ramification of the southern branch of the Sudetic marginal fault (Fig. 2) , or potentially of the reach of NNE-SSW trending fault system of the Boskovice Furrow (Fig. 1) . Therefore, we suggest that the Permian fault systems played an important role in resetting of the K-Ar clocks through facilitating late fluid circulation.
Significance of monazite u-Th-Pb ages from the Silesian Domain
The preservation of 322 ± 8 Ma U-Th-Pb ages in monazite included in garnet-staurolite porphyroblasts in the Velké Vrbno Unit (Fig. 8a) indicates that at least this unit contains relics of monazites indicating Visean metamorphism, which corroborates the K-Ar muscovite age of 330 Ma indicative of Visean cooling (Fig. 10 ). There is a vast majority of U-Th-Pb ages at c. 290-300 Ma from the Velké Vrbno Unit matrix monazite and monazite inclusions in garnet and staurolite from the Keprník Nappe and the Desná Dome (Fig. 9 ). As it is not possible that the S 1 foliation (monazites forming inclusion trails in garnet and staurolite of the Keprník Nappe and the Desná Dome) is younger than the S 2 fabric in adjacent Staré Mĕsto Belt (dated at ~340 Ma using syntectonic granitoids by Parry et al. 1997) , it is necessary to assume that the age of monazites preserved in the porphyroblasts does not reflect the metamorphic peak leading to the S 1 -S 2 foliations. Monazites included in garnet-staurolite porphyroblasts in metapelites of the Silesian Domain have usually an intermediate Y content (Tab. 2), which means that these monazites predated garnet stabilization. As a consequence, monazites that define the S 1 foliation in porphyroblasts may have crystallized during the prograde Barrovian metamorphism. In the BSE images ( Fig. 4c-d ) are presented spots with ages varying between ~370 and 335, which is in agreement with recent U-Pb dating of monazite inclusions (350-340 Ma, unpublished data of the authors). Therefore, we suggest that the age of inclusion monazite crystallization is even higher than 322 ± 8 Ma. In contrast, monazites that occur in micaceous layers reveal low-Y contents (Tab. 2), which means that they have crystallized during, or even after, the garnet growth. We suggest that during the intrusion of the voluminous Žulová Pluton and associated D 3 extensional collapse, the fluids penetrated along foliation and intracrystalline fractures, thereby modifying the monazites included in porphyroblasts and matrix. Therefore it seems reasonable to discuss the possible influence of magmatic-related fluids also in the Velké Vrbno Unit which is located closer to the Žulová Pluton than the samples collected in the Keprník Nappe and the Desná Dome. The pervasive flow of late fluids associated with formation of quartz-andalusite-bearing veins is well-documented in the Keprník Nappe and, to a lesser extent, in the Velké Vrbno Unit. (Fig. 9) . The Permian matrix ages (263 and 252 Ma) recorded by monazites in a south-western part of the Desná Dome and in the eastern part of the Keprník Nappe are located close to faults of regional importance (the possible Permian reactivation of the Keprník Nappe and the Desná Dome interface or the ramification of the Sudetic fault system). In the south-western part of the Desná Dome, it is the boundary Sudetic Fault which strongly affects the basement and its Carboniferous cover. Because monazites bear probable alteration and/or dissolution features (Fig. 3) , it is likely that fluids associated with activity of this prominent fault system may have altered the monazite composition during the Permian.
Tectonic implications of various thermal overprints
The Neoproterozoic protolith ages of the Silesian Domain (680-550 Ma, Kröner et al. 2000) (Fig. 10a (Mazur et al. 2012; Chopin et al. 2012) . Figure 10b shows a regional distribution of U-Th-Pb monazite ages which allow to define two domains with contrasting cooling history: the OSD and the Silesian orogenic wedge. This figure displays a major difference between the monazite ages from the highgrade domain (340-330 Ma) of the OSD and the Silesian Domain including the Velké Vrbno Unit (320-300 Ma) and the Keprník Nappe with the Desná Dome (290-260 Ma). However, the Visean (321 ± 8 Ma) age of monazites forming S 1 inclusion trails within garnets of the Velké Vrbno Unit, as well as K-Ar ages from the Velké Vrbno Unit and the eastern part of the Desná Dome (332 ± 5 Ma and 340 ± 4, 320 ± 5 Ma, respectively), may indicate that the burial and early exhumation of the Silesian Domain took place during the Early Visean, similarly to the OSD (Fig. 10 ). This may suggest that the history of Brunia underthrusting and exhumation of the hot OSD domain were coupled processes as suggested by Schulmann et al. (2008) and Skrzypek et al. (2011) . However, relatively high muscovite ages from easterly Devonian slates (Mo 21, Mo 212) may also reflect mixtures of detrital muscovite affected by a metamorphism close to the blocking temperature of the muscovite K-Ar system that was thus not entirely reset during the Late Carboniferous thermal event.
The majority of available 40 Ar- 39 Ar, K-Ar and U-ThPb (CHIME) monazite ages are related to a major Late Carboniferous-Westphalian (~300 Ma) event. This major thermal event was probably related to underplating of the whole Keprník Nappe -and partly also the Desná Dome and the Velké Vrbno Unit -by the large Žulová Pluton dated at ~292 Ma (Laurent et al. this volume) . The intrusion was associated with a crustal-scale detachment that operated between the Velké Vrbno Unit and the Keprník Nappe (Fig. 2) . The fact that the Westphalian 40 Ar- 39 Ar and U-Th-Pb monazite ages are rarely reported from the OSD (Maluski et al. 1995; Gordon et al. 2005) suggests that the Westphalian extension was mainly an intraSilesian event. However, the Westphalian extension and magmatism were not limited to the Silesian Domain. Late Carboniferous magmatism associated with extensional tectonics occurred west of the OSD (the Karkonosze Pluton) or in the Strzelin Pluton (Oberc-Dziedzic et al. 2013 ). This extensional tectonics and rapid unroofing of extended crust were expressed by the formation of the Late Carboniferous intra-Sudetic basin and an early activity of the Sudetic transcurrent fault system. This indicates that the lithospheric extension associated with elevated thermal regime affected a significant portion of the Variscan belt in the northern part of the eastern Sudetes, but not the high-grade core of the orogen represented by the OSD. Late Carboniferous magmatic activity was reported from the southern, Bavarian part of the Bohemian Massif, where it was attributed to the activity of the Donau-Pfahl shear zone system (Finger et al. 2007 and references therein) as well as from Erzgebirge-Vogtland magmatic zone in Saxothuringian Domain (Förster and Romer 2010). In conclusion, Late Carboniferous magmatism was a localised process that was associated with NW-SE trending crustal deformation zones cross-cutting the Visean fabric of the Bohemian Massif (Edel et al. 2003 (Edel et al. , 2013 . The only exception represent post-tectonic granites of the Late Carboniferous Erzgebirge-Vogtland magmatic zone that are oriented in NE-SW direction (Förster and Romer 2010) .
This study has shown that a number of U-Th-Pb monazite and K-Ar ages are significantly younger in the southern part of the Silesian Domain, mainly close to the Sudetic fault system (Figs 9 and 10b-c) . These ages (280-260 Ma) are typically related to the activity of Early to Mid-Permian transcurrent faults affecting the Sudetes (Martínek and Štolfová 2009). In the eastern part of the Variscan belt, the Permian faults are either striking NW-SE or NE-SW and were dated at 288-281 Ma using 40 Ar- 39 Ar method (Brandmayr et al. 1995; Büttner 2007) , which is consistent with an age of major remagnetization event affecting the whole eastern margin of the Bohemian Massif (Reisinger et al. 1994) . It is namely the Permian Danube NW-SE strike slip system (Brandmayr et al. 1995) . In addition, in Permian also formed large basins (Opluštil 2005) associated with extensive volcanism and lamprophyre dyking (Neubauer et al. 2003; Ulrych et al. 2006) . Romer et al. (2010) reviewed the post-Variscan deformation and hydrothermal mineralization of the Saxothuringian Domain and showed that the mineralization peak 270-280 Ma includes hydrothermal deposits organized along NE-SW and NW-SE oriented faults. The mineralization and associated formation of numerous grabens in central and western Europe are generally attributed to Early Permian (290-260 Ma) rifting resulting from global post-Variscan plate tectonic reorganization (Ziegler 1993) . Therefore, we suppose that the Permian ages in eastern Sudetes, like in Saxothuringian Domain, were related to reactivation of the NW-SE trending dextral Elbe-Sudetic fault system and potential reactivation of NE-SW trending Variscan fabrics during Permian rifting event.
